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i 1 



?>Tr ^13: #7) #e)-§-iS||^<lJ Jl^T^ ^ Aj-cfl^ ^olsH- 



£r -g-8" 3H» ^fe ^^.S. sf^ -g-JEofl AV-g-sJ ^ oicf. MWD ^*fl^ &Sjo) ^ofl 

7) a} S}JL, *] ^-a}-^ £ S3 -g- ^ -g-g- 71 <*) Sit}. 

=§^]£} &S.S\ *V ^-£tt Sfl^ =§^H) Cflfl jL-g- A|^(I 216 ) cfl -g-g- 2 lg )oJ y]o] ^-o * #H )( 

melt flow ratio, 'MFR')°1^. MFR ?^*fl2l M^-cr ^^-S. -^z^i}: MFR fe*^* 

a}^ *^7}- #1i^s]-cK ^ MFR 1-^, 50 MFR Sbg- f^l ^ HlsaJ ^ g-x} 

^ MFR St, 1-^, 50i q- MFR &-8r <£*mcLJL #<3£|*1 ^-a}^ 

g-5L# He) \flc|- 

MWD ^ MFR-Sr #7^), 6fl# >8<g, ^ ofl* ^ £fe i^fll- ^3:^7] W 7]^ i 

^ ^>-g-s]^ *iH5L ^bHUWLLDPE') ^ #£1<>1]*€('HDPE')^ ^ #a].§-5lj:£-g- ^3M^tH| 

°l-§-«- ^ H^^iH, 7>^ ; o))^- s.^ ^m. 43 ^§^2} ^ 71-^-g. ^sflA^ Jf*}^ MW 

D» £fe LLDPE ^ HDPE-I- $°] «r^*m. a*, MWDt $fe HDPEHl* »^ ^ 0 940 ^fl*l 

0.965 g/cm s o] igs)^ ^]<y ^-£o|]a^ 7}~§-^-g- ^cf. 

MWD ftelo))^^^ ^ssVfe a cf^. ^^^(tandem) «>-g-7): ^afls. <^^€ # a>^- 7 l# 

-§-^. €<a^ «J-|-7l^ <aH];^^5. MWD* #ell-e)]^# A§^5]-^ #^11, oQ* s.^ h]^. r£ fe 

^ ifl ^^-^-^ -Sr^l^ol, (multi-modal), <^11- ^pg^<a ^= oi^ MWDt 

^ #S]#Efl??* ^em, cf^^l aV-g-711- ^^|^ AgA} h)^-o) ^7]-€cf. SE^ ^ 

MWD #5Hli3J-|- ^]2Lt}7) 3)$: 2. cf o]^-^ s. D )] t ol^-^-c}.. aj-uj^. a.^^ ^^)^. ^J-jt. 

^ n)^- s.^ ^1 6,001,766 J:*)] oi)Al£]oi ojcf. ^-71 s-s] ^) 6,001,766 ^s] 4t=^i]^ 27])^ ^ 

^o] A)-o] €s ^Efc]^^ ^ ^}o] ^4^o] uJ-nfl^Ajl -g-£^]s. 3L^-*Vcf. d)^- ^] 6 001 

766 mfe, ^^Afl* Hel^^^D]^-^ ^ -g-7)^nl^ ^ 711^^1 ^l^^°l^(MMA6)Sj ' 

^#-1- i^-Sl-fe a^pflS I-^SJ-Al^i^. Aj-7] ^.^^ o]^.^ ^pflo^ >y.o)^ Aj Aj-oj^. ^ w]-^-^. 7 >^ ^g- 
•a^tb MWD* *>7lt!:Cf3I 7^)51-3. oi^dV, ^^-^) MWD* ^l^Sfe 7^X\t}7]^ *WA]Z}SL $X*) 
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sl-7| $1$ #a}#o| ^ls)<H $>cf. cj-<y ^-§-7]oj)^ #*3<$ MWD 1-eHlt^-g- ^)asf7) ?]5tl o)^ ^Din- 
°l-8-^ 3-?-, <-)l» H o^# °l-g-* SX^. "J-'tHH^, ^°fl# ^ u|» -t! 

#5)- 7)) ^Mf^iS-*] ^ £-§-g- i^^Cf. Wj-^ollA^ <He}-g-g- - Ul|A|2] #D|) 7 > A]^ ^sLx] o^o 

°1, cf^. cf^o) ^ 5j-5^n|Eii- 5l 0 )cf. atb, «i-g-§^ #-§-7|°fl 

-g-^Ml Ai*^ #JLS ol-g-^J n)^- jj-^ ^ 5,525,678 J^, ^ «3]-g-7lofl gJ/Bife °|#s}-#i:S ^-g-A^HMW 
) ^ ^-g-^CLMW) f^Afl £--§;-§; «*I2)-Al 7|^ci| ^cls. ^'B-i- lfs}fe, MWD 

A|~§-5}a) o]-g-s|.7]o)| H]-3-2>5)-cf. cf uflTj %i- S -g.*i o_ 5 _^ WO 99/33563 J:, n]^- Wtis\ 5,739,226 ^ -g-*J 
[M.L. Britto et al., 'Copolymerization of Ethylene and 1-Hexene with Et(Ind) 2 ZrCl 2 in Hexane', POLYMER 
, 42 , 6355-6361, 2001H i^i}. 

^JM-i-eil^HH MFR, HMW ^ LMW ^tr^l ^ §-§:, ^ 7lEj- ^ A <Mr ^?}u}z\i cfl^j- Jl^} 

*^"7flS, -R-7l<a-^nl^" ^S- ^ Sl cf-g- Aj-g-O] ^^-^-g- if-gj-fe S#cfl# ofl IKS. 4jl ^ «1 - *11 "g^ 4! 

CHS}) <g;el^ ^] &7l Ifi ^-Sl-^ ^^o] cf. 

-& HMW ^ LMW ^§2) ^-^ ^-#^r ^]^^^ "o 1 -^ 0 !! Stt 53°)cf. 

* £^ ^ 3-- 7 d^r ^sj-^l^ ^l^H]^ l-5l#^l^^ HMW ^ LMW §-^r^- 2:^^^ «J-^<^1 

^■•1- ?! ^1^4! i^-sl-^ o)^-^ ± Dfl if- s)-^ ^dJ) ^^1, ^ -B-7)^n|^- 5> 7f^^ 

•S^-^l^ ifSl-^ 5#1t ^^>^ #°H# ^sRr (b) ^nfl* sHl 

^1 ^ell^^l- #^#efl^# ^1)2: s]-^ c}-^]; ( c ) ^S^^i 1-^1-24]^ «m ojAj-o] xg^ # sj-ej-njEll- 

^-^1; ^ (d) #31 (c)°IH ^^^J olAj-sj qjjq. ^ej-oiE^ gJt-i- 7|^o.s -n-71^01^- cfl 7 fl^^ ^«a^ 
^•■?]^ ^^-^1 «l» ^Sl-Al?)^ #7)|. 

-fr-g-fc ^JJ^# 4e|-niEl# oi-g.^- ^ ^1#, Bfl^l^l, ^efn|E^ ta|t5||^»| -g-g- ^ 

l-'S, ^l^r I 21 6 - iH} 7l##); ^^^efl^^ <^)» JL^a^ 

^--ir; -g-g- *#ti](MFR, o)]» I 216 /I 2 16 ) # 5>q- o]^ if-eVcf. §e)^-e}l#s] -g-g- * 

W ^rSLH HMW 7)^7> HMW #^-^1 ^^-S] §--§-o) ^ ^-g~g- 14 

2]-et D lEl7> -g-g- oj)» s-o^, A]^S ^ EflofoJlA-], Aj^ -g- i^E]-n|Ei# 7]^<L 

3- -n-7]<a-^nl^- Aj^. n}| 7 )|^^ ^)^^#^-a]. ^^.o) H )s. tM^.A)7|>r #5l*efl^^ -g-g- Jl# 

-§-§- ^£^4 H)ia*>^ 3-8: Sf-^rc)-. 3)-EfnlEi7> Jl-g-Af^ 7^7>^ ^-SJ O) 

Hi* ^^l?m 5!^ ^^r# ^ §-#4 Hla#* 5Lf#cf. 4^ n lEl 7V -g-g- *#al(MF 

R)» ^-f , °JY- efl°cHW. ^DlEll- 71^0.5. -a-7)^ol^- cfl 7fl^ ^igo^ol^AV ^ $21 H]» 

ttlSM?)^ 1-B1^-B11#S1 -g-g- *1-Hll- 42-*j -g-g- *f-H)2l- HlSf# 

^# ^21- d 1e1a> -g-g- j:# ofls. 4 oi ( *a I 21 6 3" i«-*Hr ^-f, <a-^- Efl^l^i, ^S^# 
7l^o.S -n-7l^nl^. cfl 71)2) ^m^^l^-A]. A^«o^ «]- ^ S)- A] 7)^ c^g- # 8^ o|aj.^. S ^-^-cf: (i) # 
^*5)1?1S) -g-g- *f. ^£7} -E-^jSm ^Cfl -g-g- ^5U£t} A|^. 7| o. o. 7 ]^ n |- ^ .g. cfl 7 fl^ ofl^^^Dl^ 

AV A^«.oj H)l- ^7>A] 7)J7; (ii) #^#B4]#^ ^--g- *M. ^£7> ^^sf^ Sjdl -g-g- ^£iL^ ^ 7^^ -g-?)^ 



- 3 - 



S^H^oj 10-2004-0034736 



tfl 7m nfl^^nl^-A}. Aj «2j H | s. #4, A| ?J cf. 444^14 4"g- cfl 7|]4 444^444 a^ o| H)-§. 

■g^M^iS HMW ^^-e) 4-§r°l 4^4^, 47l44 D l4 cfl 7 fl4 "lll'k^'?]^ 4431 ^a]?|^ hm 
W444 £4°1 =g^44. 

*]2i, 44, ^ ^^1?]^ 341ir 44 13] o]a o v a ^ cfloVaj^ 25] o|a)- =^44. 

4^4 -H-^l^n)-^ eejoj-^joj-s. nl-^-, o]|s. e a) nfl U = n) ^ ; e e ]o)| «H<g^ n)^- > He)n^^<y. 

4- 

44 Eflo.HH, 'H44 ^)44-¥-434KMMA0)* 4^44t 4 107fle) 44ofl -g-sfls)^ 44 o]^°) 7 fl^ ofl 
i^-^cf. MM AO, #4, 4<3 ^ o_^. Al^gf-^ MMAO^ 4 E-1 42: 44 5J >S44 

4, 4^4-°-^- 4*H44 4:4 444431 -£44-?- *fl^44. o]^.ofl 44^4 3 o. ofq^)^ M MA04 




*HW, 4^4 3HM£r 4^ MMAO* 44^, i#ao| 444-g, MMAO* 44^-H4; n 4 3 44 1004 
ji; R 3. 4444-7^ 3 444 44, 4?]]4, ^4 °H4 0)4 4 cf^. 47)4 i444. 

44 o^A^ Aj- 7] 43] ( a )o)l^ -fj-71 <S-f.nl -fe- cfl 7 fl^ nfl ^oj.= oi^Sl #4fe 0.1 ifl*l 504 4444. 

oj-g-^ ^Sfl^ E)^, 4=^4, «}■«■&■, H^f, Mif ^ 44 4 Sl-M- 444 ^44^ Ul-D)l^-a 444 

i444. 

Efl4°fl4, 44^T ^nfl 44*))fe 44, 4 5.^%- SEfe 44 o|Aj-o] Djl^-S.^ 4-^-§-g- ^44^ Dflig- 

^ 4«-* ?_444. s.^ 4444 <^1^^ 4^(44#3.Jffl44oll 1 ii)4-§.^ c)#^e)-olc Hli(n-^-^A>o]S- 
eJ|<3=o)W ( #eflja^ 80 ^% o)^2] oflmjigi-fj-s. cj-^l- i^-sfis), u)-^^]^ c 3 -C 10 ^-#511=1 -a-^fi}- 



^Cj-^V A d tg 

2°ll t42f # D fl ^el^]^^ M WD<^t t|)^. -B-7l<a^-°l-H-:MMA0^ uj- 

■£ 4 ^ 5^r 44 7 ^ 8<H)^i ^lS GPC HSnfMneflnoicj, aj A |o}] 30)] ttfe). ^ufl 

Tfl^^ l-eHU^A MWD°fl cfl^- -a-7]<a^-n]^-: MM A0^ <q o§i$^ ^^fl ^oicf. 



^4 ^ 7 fl^4 ^^#4 4^ o]5fl4^ -M^ 0.5. ^§44^ 4» ^l^sM 4«fl 44^ ^0)4 

44- ^-^44, ^ ^-^^ ^l-¥-4*J-* ^-^4 4^-4 4«fl°)] ^^.^ 4 °14ii.£. ^l^Tfl 44^4^ ^0.4, s 
"34- ^1 44\H -i^-gr 4°)1t1] ^ ^4 ^^-l- 0 ! ^^1^- 4^t1] 4^4 ^ 4^ 4* ^ 

44. ^ #4<HI4 s-^ 4 -fflH ^44^ 44 4^44 4^ 4 ^4 4 ^-i #4 100% 4 7)§o_s. 7 l 
&<ls. 444 444. 444, »4, 30% fe- 100 f^-f-4 30 4444. 
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£Sh <*. 3^fe & ^ 5)-e+d1e11- #$*| ^ ef^^je] el^HS. M-Ef-« o^*. ^^1-* l£S M- 

nJl^^'Jl^'iKMMAO) S}-1Mr ^ -B-7)^d]^- -§--§- ^^S. #^S}-^ ^n|| g^S} ^j*A]^ ^] 

s^HH fc2ls}-ir Hfsq- ^o], ^ ^^°V MMAO cfl -R-7l <£-f-nl aJ «.o] fi-H]* 2;^^^ ^-^5]^ 

f^|<9 olAj-cq ^-^ ^^ojEll- ^H^Cf. ^TflSl, S^fl A^-g-Sl tf D lt 7|^O.S, 5^1)21 

MMAO cfl -H-7)<a-^-nl^- -y^-s] 1-all- 3:^^o.^.M| HMW tfl LMW 1^*11 ^-^^ ^ u)-^ ^ ^^^e] -§--§- * 

A>-g-Al, Hl-DfllhHLAfl ^-g- HliH^j ^ Sg^ f4t(HMW)t ^Afll- *)1^5k2, nj|^ S Aj| J$ °. H] 

51 ^ ^ ^-^^(LMW)* £fe f^fl-I- ^ll^*^K ^2.^., H-^sl #°flfe HMW ^ LMW -g--£°l] 

0..5L*) ol ^o^^lcf. Efl^^A^, 2: #0)]^ -B-7l<g^n)^- * MMAO 1- i^^cf. S^d))71- -R-7l<g-^-ol 

T3- ^ MMAO ^* * cf» i«-§>fe 2^°H ^iS, ^, -^AH), £fe -FM-lHf-nl-sr ^S-* 

, Sfe MMAO ^£"§- "d^ ^7>% ^ sacf. ^7> ^ Efo|ig^ -fM^-f-^l-B- ^ MMAO ^«-°) f- cf 

^^1)^ ^#^1^ ^^-cj-. ^e^M-, %V^sl7] ^o)] ; a,]!- -i-ig, ^. 7 )^ B ] Sj^ 

e]-o)E^e] ^ 7l§^s., -B-7l^al^- ^jg- cfl MMAO ^-g-s] ^SI-aI^I cf^-, aV-g-^- 7i}# Al^Al^lt^. 

M-Bl-\flcf. ^Sfl^ ^|o l7 |_^ t |. s.^ ulEl-vflfe c^tQ ^ ifl-el-n]ElE o)^-§ ^ o|c|-. <a« Eflo^x^ ^ 

Elfe f^^-^lsl HMW SEfe LMW ^-Ir-gr M-E}-i-H7l 4(bV^a1 zls] 2|^^<?1 ^ £^ oV^^el-s), #^-Afl^ MWD 

■§-§- ^f-al(MFR)^ -S-^ ll^q 'MFR'ol^- -%-o] ^ ^h];^^ I 21 6 /I 2 16 ^ u l» % 

o.^., o)7}^ I 21 6 ^ ASTM D-1238 ^ F^l i45f ^sfl^ 'If ^l^' £^ -g~§- Hf- #£01^1, 1 2 lg 

ASTM D-1238 E°l) t^-e} ^-^^ #^-^]^ '^--g- -g--g- #£^14- ^ ^l^r^) a], MFR-S: 

^= ^-S^ u^Ej-'i ^ sa^-H, ci ^ MFR ^ o| ^-^fl*!- MWD» H"Ef^4. 

MFR2) a o v 7 | 21 6 /! 2 16 ) 7 |. 7 pj- <S}>£*1°1 *]-?}-, 'MFR'-S- ^ cfl ^(§-2.)cH]Ai 

-§-§- ^£2) Hl# ^vflzl Af-g-^ ^ o>cf. a.^)o)i^ MFRxr 21.6 kg(I 21 6 , Jlfl- ^]^) ^ 2.16 
kg(I 2 16 , -8-8- s>^lAi ^ -g-g- S.W °l-g-^H ^^5l^]°l; ^^-^ ^e}, A d ^^ afsq- ^> 

°) ^ -§-§- ^r£2) al£ ol-g-«> ^ ^l«flo> ^t4. 

^5 &7f^k, Mw ^ §4^, Mn^ 37l nfl^l aSn>Sn2fl3il(SEC)5.£ a^- $2^^! ^ -f-aj. as B }£ 

^2fl3il(GPC)» o)^>^ ^ o^cf. Aj-7) 71-^. tpg.^ b]s.s. -g-# ^ ^oltt H7]S1 

n &el§M ^#711- S^-SHr 7J711- ol-g-^cl-. ^-^^1, GPC 7l7lfe 145 ^^1^1 

^r^sl^r ^-Hel-^ElSCultrastyro) ^ ^^^1 ^€ ^E^(Waters) 3S.o>£zieflHolcf. A>-g-5l^ -g-ffl^r S 
el^^s.Bj!^olx4. 23 ^-7f^-i- ^^-5)-7fl "a-Jl Xlfe- 167fl^ ^Bl^El^] Iftt ol^-a-)-^ iL^fVcf. Al-sjsV ^ 

^fl^l ^1^- ^-Sl^ cfl^V a^#5LJfEi #B-]iE]3! JfS\9] A^^TjlS.^ ^^1 g-7)-^# ^^Cf. ^ 

5 «^ M^r *W ^Al 0.^«-Ei TllAltJ; ^ Slcl-: 
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■#7l ofl -H , N j fe- ^r 3 * M j » Sfe ^-^s] ^o]cf. n o| oo] 7$ o-, M £r ^sg-g -g-^et Mn<>]4. no] 1°1 ^-f , m^t 
f^sg-^ Mw°lcf. n«>] 291 M-& Z-^ ^7}^ Mz°]z}. «]-?}- *>tr MWD tf^HIS Mw/Mn SE^ 

Mz/Mw)^ 4 v -g-5}-^ M alojcf. M g> MWD^j ^-g- ^sfl §-oj:ofl ^o.^, ofl-i- [Slade, 

P.E., Ed., Polymer Molecular Weights Part II , Marcel Dekker, Inc., NY, 287-368, 1975; Rodriguez, F., Princi 
pies of Polymer Systems , 3rd ed., Hemisphere Pub. Corp., NY, 155-160, 1989]; ^^ ^1 4,540,753 3:; 
-g-*i [Verstrate et al., Macromolecules , vol. 21 , 3360, 1988] ^ °]7|ofl o]-g-^l ^-g^* 0 !] ^Ml^l fee] 

Jl A^-g.^ ^Afl GPC 3S."f£OLEfla o>eflo| ig^cni cflsfl ^ M 3S°Ha 2fl3] ( 

'GPC) HS.d>S3.e1)hs.-?-e1 HMW -^g- ol-efl W^SL^^ ^ 9X^(^, D I^T ^ 5,53 

^ilJL s}HS, ^-cf: 
X HMW = 1 - X lm\V 

^HH, X HMW ^ X LMW ^ 7 AA SL^}^ * ^^f^ ^-8-^1 ^ ^H-S, X HMW » ^ 

*Hr 3"8r ^fa)^ X lmw » ^^sfe zi avcflt v\&7}7]o]jl, X HM W » ^ X H mw ^ u l^ s > 

£^ 1 - X HMW (^T, X LMW )» 1 ~ ^ X HMW 4 ^J^* 

■aal^^S., -§--§- ^# ^SSl -g-olsl-JI «}17| nfl^ofl, 3.1 21 6 )2)- ^ -§--§- ^5L7 r ^E] ^ 

sJ-eJ-cjEioicf. GPC^, t^Wfe £tb -fr-g-SM D J", ^^r^^-S GPC #*<H1 ^RK <H3l-8- ^ 
c] nflg-ofl <g uf^ajsl-Cr. 

^ •s-usi ^l^i^y <& <*3.*i. tfl^fl 1 216 * -a***^ ^ z^^m 

7]J1 ZL 2]- ^^A]^(HV^Al AV 7 | ^A-)^ O}^) 7flAlt!;Cf. ^o] of lS)^g^ S-OV ^] ^? ^1 ^1 ^, ^ 10 

0 g£] f-^-Sfl >g#-g- «V-g-7lS.^-El ^^-^]a] *]^!- ^ ?lCf. 7.]^ 7} Sfg. ^JiCf ^Cf 

^, LMW ^^-^1 ^^-^ ^-^1- #^71x7 ?A °) -fMlHF^I^- cfl MMAO H] 

els. a}-^^, ^1^7]- ^-a SULcf ^ LMW ^^^1 a 7 f a) ?1 ^ HV^-^igJ-cl. 

nfel-A-l, ^7l<a-^-D]-^- cj) MMAO ^^-^ h|# ^7>a171ji >?}-§-§• ^IsStrC]-. ^* ^l*S^l?]Jl, ^]^r^ ^• 
^* 3]-er°]'M«- ^^sU, -H-^I^d)^ a^ cfl MMAO ^£ S^e r ^ «><4 ^-o] «v^-6|- 

°1 <§^*fl ^^^2] '^a]^- ^]<Hl- ^^-^ ^ oicf 

MFR-i- 3)-efD|ElS ol-g-sKr ^-f, MFR-& ^7]o)| -pr7| °J-^-n)^- j$ «. cfl MMAO 1- H)^ ^7H1 ^5]- 

^7>1- ^o|^nV( MWD7 |. yo)a| ^ol^Dj-), AJ-7] U )7> n) ^7f^-o)] nfsf, MFR^Sr ^i^2]^.S 3]tfl^ll- ^14 ^-diSr 
7l A]a|-^ ^o lc i oi^.^] H>e f- oful^^ o)^^- Pll^Ajl ^nflo^ j.^.ol f7}Sfo^ Hl-nfl^ 

-ifl ^^-oll al^fl ^-^]*]-7l) s]7| nfl§-<a 53^^. ^zr^l^. MFR°1 ^(^7l ^7} ^^l)§ r 7l ^<Hli, LMW 

#^11 -g-i:, ^ 3:1- ^l^r2r ^ -§-§- ^i^r 1- cf ^7f% ^°}^. ^^r Efl^l^l, 

MFR-Sr -8-8- #i i£^r Jl«-7 r ^ £fe «-g-3|- ^-°r *>M- o]Aj-o) AgAj^. ^EfDlElfil- ^ ^ 

^ar'd -B-7l^n)^- Aj.g. cfl MMAO ^^-e] tr £^ ^ A o& 3.^^] 

^1^^ ^ef^ ^ oJ-g-^- ^jojcf. Aj. 7 ) HIS. 2:^5)-^ £ Cf^- Wj-H^ ^-Cfsl ^7V^ ^ at^rfl Aj 

-8-71 o|| $7}^ ^O)^ ^Sfl g-o):^ 7.}^ CfS. ^ S^-ofl S]Sfl.^-7l H]» ^Al^ =^ 

sa-s-* <a*m ^J^cf. 

# D fl ^^-^lfe al-p]]^^ Aj^_ oj|* s-<3, Ti» i^sf^r ^-g-, ^ 1f£| ^^r, oll§ S^, Zr^r i^fe ^-g- 

TO ^^l^-tr n]^- s.^ ^ 6,001,766 3l°1] 7flAl^ ^-f-o) i^-s]u)- ( oj^. ^5)^ ^fecf. 

Hl-^^Afl AJ^.0] 5L«-SJ-^ 7J^ ( ^g-g- <y^2] ^igofl Sjsfl, o))S- d]^- S-s] ^] 6,001, 

766 3:<H1 ^ E]^ a^« ^ ^^c^l s]*fl ^ ojcf. ^ Efl^H, Ti a^^.o. ^^ ? ># P>zn-i]^ 



- fi - 



gJH^el 10-2004-0034736 



4 4^°!] 4^" #°fi 44*fl» ^)l2:5l-7l 4*11 #4-5^ Cf-^Aj l-^O] M.^o]] ^.g. ^ 

<?]-g-4 ^-51 4,173,547 J>°1| 7(]a|^ #3] °-^o| je^-s) ^ o>cf. av 7 ) #4S.£r 44#. <^ 

44#, ^S.^1SH- SEfe 71 Ef ^-#<*. s.^ ^V<g, fRIr'g, 44<4 44^ U ^ -£^#o) ifsm 0)5. ^ 

=83^ 3£r 4M4 ^Hj^WH- 4^4°d =r SU4. 3131 344 4*11 ^el?K 3! ^ ^^-#0] 

^444- 4*fl 44 °J4fe ^1* ^-¥- 4^4 4^144 4°1 cflgf 2] ^Efll- 7^ ^ SIC)-. 

4*1) 444 0 d4 0 J ^ 5a^, 47) °J^21 33 EL7]±r 43] 4?!4 4°ll ^ 4°1 4711 4^4 ^ Stl«=f. M 

4 #*f| =§^*l) ^^S] 7g^- ^ *3 Z>-& o(: 7 ] %V ^ SjCf. 4*<] Efl 0 ^)^, 4*1] 

#4-& 250 *an *14, SE^r 200 /an nl*}-, 80 urn n|°Vs] ig-g- aj^-§- <g*vy ^ &4. cj-sfl g.^ o]*]. 37)0)] 
cfltl- 44*1 XT Hl-g-J^ 44 4444 SS^HHl 4*fl44 7)1444. 4*I*] 0 J 4*)1 #4€" 0.1 37)4, 

5 /anJiL4 a.W, £^ 10 /anJi4 €■ ^4 334 4t= 4 44. 

4^44 4*1) 44^1 X434 ^7fA)7l37 Ol^l o. ^aflS. ^ ^o. H jo o^,^ ^]§. S >7l nfl^-ofl ^-^] #^-2- Cf^- 

34 *r 44- 3S434 44°)] 4*)|5. °l-§-^ §-^1 [British Standards BS 4359, volume 1, 1969H) 44 

434 *r 5U4. Efl^^l^, ^-^1 um^^l-ar 3 m 2 /g^cf 3 t1 14, 50 m 2/gJ±4 37lH-, 150 m 2 /gJi 

4 ^7li4, f£fe 4 300 m 2 /gjii} scf. ^1 hH^2)o|| cfl*V s.^ ^^l^ gi^m, ol-g-7>^t!- 

^wV^j o_S. 5f 1500 m 2 / g njoVsl ula^^l- 

Ml-?- 4^-Sr 71^- ^-3) rfl u]s H-EHI ^ Sio.^, ^^o)l o]^.^ [Br 

unauer et al., Journal of the American Chemical Society , 60 , 209-319, 1938H 7l^^ n\Q BET 7]^ofl 
^^^r Xl4 ^^r Eflo^l^ cj-sfl l-aja] q|a cf^^ 0 .2 cm 3 / gi cf htIM- 0.6 cm 3 

#^^1 all-s^r ^214, <^1* -¥-^^ ^E}?h #*1 ^. fi^^j^l -^^^ ^e)?>7r i«-€4. A <J-7l 
-i-^-gr ^jai ^<a^j^s. ^l^sH, Ml°l «1^ ^ u l^ ^iL cll-B-. zi^oli oflc ^.4 

M (Davison Chemical Division of W. R. Grace and CompanyH *] ^^s)^ tfl °1 ^1 ^-(Davison) 952 2.^- e)]o]h1 
^ 955 -Mel?K300m 2 / g e) ^ 1.65 cm 3 / s s] y]^- ^) ^ o\o] ^emOneos Silicas)S.-¥- 

ES70 ^el^l-71- £^-€4. 

^- t^Sl #"11 * #°11 ^^^1* ^5H=31 4-§-=l^ -B-71^-^ S[^#^ #4 HV-g-^- ^ ^71 nfl^-ofl, Af^-Sl^ # 
71 ^<^1, <^1# -t^, rt^°11 Sjsll ^l7l% 5d4. 

tfla^<y ±.jg^ ^sfl #^-g: 100 °cji4 ^tim-, 150 at 200 °c_a.<4 ^ ^soih ^-^1 

^ 5a4. ^^1 #^2[ 311^71 ^5f|, i^-Sr t^l #^S1 nlnj-o) ^oflA^ ^^j%V - ^ 

215-1-4 ^-^r ^-^1 #^21 900 1C fjo}-, £^ 850 "C Dl^VSl ^-£oj)A| ^^5>fe %o] !Q£\Z}^. 

£ ^*$o\} 4-B-471 ^1*V #"11 ^flfll* ^l^lr nil °Jsl4 -B- 7^1-3.^^ sl-^-#^- Aj-g-^ ^ 0114. «3g ^7] 

nfzivfl^ S]-^-#S^ n]^- S.^1 ^)1 6,001,766 ^<^1 <44*d1 ^-& 0 I £^34. ^- ^•^°ll Af-g-5lfe -^-7l n>ZLi-1l# 3^ 
4#^5Ml^ 5>l4 °l^£l CloJ-^-^tll^ o)l§ ^-ttj-^ R 2 m MgR 3 n (ol^A^, R 2 ^ R 3 

^ =-^^^5. Ai@j^, ^^oiTiq- ^I^ItH- «:^<a ^ °xtr 4 afe 44^4i, ^l* "a:^, <^?ll^ 

, ^"71^, ztl- 2^ nsl m-fr 2 SEfe l^lJL, m+ n-&- 2014)^1 ^-^"1-* i^tl-4. < y j r Efl°4°114, 

R 2 3 r 44 27fl Ol^ 47fl olAj-O] Eld^T-l-t- 4^4. Eflof^A^, R 2 oj R 3 ^ zJ-Zj- 1 

27fl olsf^ ^^4, £ ^ 8711 oj^l-o! ^^7>» zl-^14. clla^o] cloj-zj,,].^^^ 5l-^-#S.^ n--?-^°ll^4^i-1l 

^sfl ^-4°11 a>e!-^ -^7lnVziLii^ 2[4#(^ &Qo\] 4^ 4^"1") 0 1 44^-4 444^1 ^41-^ 

=r 5U-B-* ?14* 5J°14. <^1# 1-^, nl^^ D >ZLt1l^ £^ DBM(t^: 7)ll:4 0 l4^ 7l-iSi-|4 ^flsl FMC^a^ aI 

4)€r n-^-4 4^Ml^, 2^-4^ 4^l4# ^ n-#^ 4^11^ i44^ oisflsflc]: *vi4. ^4, 

t ^( Akzo Nob ei, ojeiinoi^ a)^ji ^^ID^a-i ai^-*i-^ °J4 -n-714^1^ 441-8: <a-¥- °i^-4w ^ v ^# 

-g- S^<H1 4# # D 11 ^4^1* 7)1^1- nfl 2Jti>2l ^.^-ai r i QH4 °J2121 iM-g- a}-^-^ ^ ojcf. HV^-a)^- <y-# 
^ 4^M1# 4a>4^1 44 ^l-i- ^144^ ^ r i o- ^44 4^4. 4 D ll 44^11 4^°114 44 47flfe, 
471 47fltioi ^li^i #nHl «l«fl, J44 l-^olJi, Hl-°114s.^l 44#2i ^oi =^ <g ias 4^-, ^1^- 
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3.4 ^44 4«fi44 4°m- ^444. 

R 1 Zlf-£ 44 oj^-cq Err 2 7 J) o]^J-oj e^44 SLfe 47fl °)4&) 4^44* 4444- 44 EfloHH, 

R 1 ^44 1271) o]t\Q] 4^44 EEfe- 87H oj^ii] f^t44» 444 4 5U4. 344 °fl44, <>l]44, 1- 

°)4iHS44, 1"444, °ldt:444, n-444, £cfl^* ^ 4-^114 cfl^Kg-o] S^-£]«4, o|5L 434*1^- 

&fe4. 

^O] ^3] Ul-Dfl^^l 44 ol-a-Sj 4 ^ 3L^ 54 3°1 #4 444, S4, ElfJ ^ HfLfff 3.^1} 

. 344 Hl-nfll-S^l ^^^.^.^ n]^- SrH>\ ^ 6,001,766 31 °1] 44^1 ^#o) i^c}. 

E]4 Hl-Dims.^! 4444 444fe 34, 44 S^^-fr 4* 4444 4£r 444 0 J 4 Sicf: 

Ti(OR 4 ) x CI y _ - • - 

#7HH/R' 4 z\z\ s^aj aJem^ aJdflo)^i+ 443^4 4 5U*r C 2 -C 10 44 4*1 

^ SEtt 4?l<d ^1- 0 1^; 1 °l A o Vo li; x+y^r El^S) ^44, ^, 2, 3 4°14. 344 &1 H: 444-S-4 n]^- 
*)] 6,001,766 Ji°ll ufEf^fl ^#01 if-^gt}. 

44 4444 «I^Hl?!:^ < y <4|S.& Em 44°]^-, ^1* 44, E)^ EflMefS-S-Efolc, ElU; 444°1 H.(4 ?1 4 , 

A>ol= #7lfe 2 ifl4 1071)3] 4^44* 4444 ^--B-slcf) ^ Z19] ^#o| 3L444. TiCI 4 fe, ofls 

4"4 ^2:-fi(Akzo-Nobel) ^ 4-£-&)4(Aldrich)4 S.44 444 ^-g^S^El ^-<y I> ^ 44. 

o)144 O.S., 344 44 Aj.g-2- ^-ol ^ ojcf. ^ *»SH1 4 600 1C*II4 4 4 *1444 di^Al^l 

-gain, efl-t- 44 dH4^ ^ 955 4444 4^44, 4i«!4, ^4 ¥4 44 444 444^1 4£i444 
44. oi^A^, *44» JH4444 ^ 50 ^ 55 ^ 71-^^cf. 50 ^^1 55 X2°\}*], ^m°}=i^(DB 

M)^- ft7Wzm]& ^ ^ Tici 4 3} ^-3. E^Ej- ^#-g- o.s *e^elsl- 

Z]-Z}cq Al^^- ^71-tb ^, n 1 T-lTi-^oV Jil^V^Cf. 3]^^^^, ^ 50 "C^lT.-! ^Ji *f§H ^-g- ^1 

Mi ^l^lS %5L3. <?]-§-^i n)^- s-s] ^) 5,336,652 i<^l ^1^1^ u>2f ^-0], ^ 7 }v}zi\l}^ S|-^#3] <g=* ^-^1^1 
#^11 a^s] El^-* ^<yA]?i7i ^sfl ^l, ^7>^i ^ 4«aJ-7>si E)^ aj-tfg-^ frg-^H t Stl4. 

-B-7lo>zii-il#Sl ^ ojh>^ o.S 0.2 ^eli/gjicf 3714 0.4 H5]#/gJicf 37m SE^ 0.5 ^el#/ g ^cf a^, °1 
nfl ^7]o)-zii.il# Sl^l-s] ^ H&1^ Mg/g 4Efhfl4. #51^1 SL^ Sl-el-^AiiL ^l^l^lofl ^ 

4 ^-7lo>ZLU|l^ 5}-^-#* ^7>^1 3°) Hl-^^-l], ^ ol^j-fe. ow^l o]^ 54^0] ^jo^t,]^ 

#"11 ^i 4-§"€ W>-g-5M ^l** ^l^l^l ^l^ 0 )] ^^Al^ ^ SI 71 nfl^-^cf. -H-7ln>zZ 

Ml# Sl-^-l-Sl «3=^- <a^^l^S. 3.0 ^5l#/g n]uV Sfe 2.2 ^e^^/g njoV, 1.5 -gHl^/g n|aV^ ^014. 

H-¥" °J:#* ^l-S-^ ^-f , < *«°11 7l<?]€r>fe #d|) ^o] ^ol4. trfEl-A^ oj-^o] Oj:0. ojyv^ ojg. 0.5 

^e|l-/^ell- -B-7101-^ivfl^iLcf 3714, J£tt 0.8 -ael#/^ell- -B-7lo>^il^cf # ^o)cf. zie^u)., ui-^ ^ <y- 

^ r D l^:-S- ^14«-4 1 Si4. 44^, °J-#3l <a«V^ 2.0 -gel-l-/^ell- -B-7l 

n l^r, 1.5 ^el#/^el# $-7Wzm}& nl^-oj ^jolcf. 

^4 3f<2\ ^-g-a. ^^^0.5. 25 t: 3^-4 40 1C ^4, ^ 80 °C ^o}- 70 TC ^^]^ ^^^4 



El ^ ^Alo)| ^-Aj 3-g-S)-7l nfl^-^, E]^ ^#2l ^ ^7l ^Sfl * 

^-tt -r SJcf- 4el-Ai, Ell}: S)-^-#2l ^ ^hI:^ o.s. 0.1 H -^/giLt}- 3714 0.2 "ael^/g^cl- 3714 EE^ 0.3 

■ilsl#/gii4 # 53 °H, *H e]^ ^i-al «g=^ Ti ^Mr/^} gAS 4 4\S4. 4# H-f- 

E1U 4^°1 ^ u lsl^ atb 4-i- D m-S- ^144 ^-S-^- *r ^-S-^] efls# ^ si4. 71144. ^^1 

# 31^21 Ti^r #4^11 ^^°fl 1-514 ^4* D l€ SII4. 44^, Elej- 5}-^§-o] ojh>^o s 4.5 ige]s./ g 
n 14, 2.5 Uel^/g nluv, i.5 i3ell-/g o|nj-Qj ^ojcf. 

^ol ^-^31 oill-S.^1 ^^-^^ 4^ 44#, <^1» ^1=^-5-, EH£ ^ 4^4711^ 7|a 3 ^ 

2] °lll-s€ 441-°1 i444. ^44 "114^-^! D 14 4^1 ^1 6,001,766 Ji^l 44^3 al# 0 l i444. 

"HlHiL4I 444-8: °J21^ HJ.^^) o]^ ^ o^^ oj« Efloj:^ 0)]^^) S e) ni^-# 

44 44^1^1 44 4°l ^-4 4444 444^ 4^-44: 
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(R' 5 -Cp) 2 MCI 2 

n ^ Sicf. SE$, R'-Cp n-f-^r i-^A^ - Slo.nl ^S. ^°i^r §Jnf. nflfML^] ^ 

^-#1-^ €^-¥SL f£*V A)-g-^ =r 5tl4 ^Wg^*]^ ^%3-^ R' 3 AK^H, R'i=- C , -C 10 

, Stf, ^1^, a )±-"r!i, n-^m ^#o) S^cf. e^o s v 1 joj.s d |- £ 

3-, Zr (R' 5 -Cp) 2 ZrCl 2 » ^ £r5L°fl A 1 S^Ti -g- "fl ^«=Hl -^i R' 3 Al4 ?}-§-^^ ^lS^ ^ 

«r Efl°cHH, "fl^-ffl ^-g-sf ^^A)?l7l nfl^S.^! -g- p)^- s-g} ^ 6,001,766 

*1 55 TCofl^ *l u o v ^ §^ h)-p)]^^1 ^£°] ^e^e). =^ 5tU>-^, oI^a] 4 i Al4s<y. 

a. D fl *)^*l)2] ^l^AloU, oj^ s 1-^-^4 4£r -g-°H) -§-*JW?i MAO* °J^S nfll-S^l ^ Aj 
50 vfl^l 55 X:o\)*\ 4 1 ^14-^ < ?> i!^^^. MAC'S] ^7>^ Dfll-S.^ Hl^l$€ 4 

ol5S.^El-qo)l^ ^#(Ro| ^^o|cf)-^ i^sfir 3^ ^-«) 3. cf-g-, o)]s. s.,g > 4 50 ^ 

*H °J1^ A o v <- *IM*H # D fl <r Si*-*), #*fl ^^flfe 4-3— fi-^-S 5! 0 1 u>^-^4cf. 

aV-g- -g-7lo)] 5L«y*}7l ^ofl Sfe ^ h]:^- -g-7loflA^ ^ oicf. 

^-7)<i3:^-D|^ 6,001,766 Jl°l] 7l#^ u|-4 -3-7l^n]^- Sf^-#* i^-^- ^ ^4. 

b>7] Sf4^* -fr^lo^n!^- sHJ-l-o] if-^D)-: 

AKR 5 ) a (H) b (X) c 

A J-7H]Ai, R 5 ^ g)-7|o)l 7)^4^ Ul-fif -^71 4^4o)j7; X fe %4o]co]j7; 1 tfl*] 3 £] ^^o]j7; a + b+ C 

^ 3°14. R 5 ^-1-* ^-^^j^S A$lo)^ «-^]^ ^ ojjl iS^Tiuf ^ ^ JE^ <^^-A| 

^.#°14. R 5 «>^-2j§>?))^ 307fl oi4^ ^ 107 n 014^ ^i^^f «-R-t!-i=f. Aj-7] 3}-4^€- ^ 
E^«.^<^s nl ^ ; E^oi^y-^^Di-^, seja^o^^, Hel^-^^n]^-, ^oi^tL^ai^ 

EB^ligoJ-iHnlig-S a^- Af-g-^- ^ 544^, H 2 71- ^ 5^1 till -^nl^-o)} Tj-^V 5Ls§-&- ^£5 H 2 » ^ 

^-^<H| MMA0(7fl^€ bH^-^jho]^.^) /j«o S t n)^- s.^ 7)1 6,001,766 7]]a]^ MM AO 7)- Jt^- 

Hfl^A^ MMAOfe 4 4 vfl4 107)1^ ^ri^4# 4tr ^fj-^ -a-^! ^ °J:?!H] ^<H£ 

*fls]7Hu} fso|£^o s igE^ ^ 014 "\M ^l-ol £tl ^ 9X^, v}&2\*}7]]1=: 4 2 «-fl^] 8 

7fl4 ft^^Aj-l- 4fe <^.^ MMAO <^H- ^1^ ^ «r^) MMA0» 

*|e1 -gr^^-H-l- ^-4^ MMAO^I A>^-^- ^ ojcf. 

MMAO^r QvK^^Q, ¥) 8 Al -#<3A Al^-flc}-. aJ- 7 ) ^ 

^o] ^.ojl £ ^ ^EJ-oJf^ <aw}^ f^*H D J, ^^^l c|^7Hi4 £^ ?>-g-7]^ MMAO* 

°J4^ 5:4^ 3:#ufl ^. *&^o\] ^ o^cf. ^ai-^^s., -B-7l^ n ]^- aj «. ^ MMAO ^-g-s] 

4 ^^-^ IH^I-h- 7lfii 0.1 50, SE^r 0.1 ifl^l 30 S) ^o]cf. 
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M. ^tgs) i n fl fe) -i-el]^ afe ^f^- «V-g-o)]^<4 ^o|, ofl» i-^, £ ^ f^-g. 

^ ^1* fcaWB** o|a}o| ^e)|^, ofl» ^W- °1^ £4-.g.a^S| ^*1)3H1 

f^i^ ^ sa4. ^-^Eii^o.s.fe, <*m i-^, c 3 -c 10 m-*^*. ^« is 
^. $ .^-g. oi-g-^ Hv-g-ofl ifl ^oi^i^ tit ^ sm. 4^ st* S?iol ^<y^ ^o., 

MCf g-fr «9=S] f^*flSl ^ S^r^l" ^V^A^Jcf. ^ Cfl #^1 f^-flo] ^^Hr Sg-£ §-^^o)] . 

4e} s.^ -g-iofl cflsfl «a-«B foH] *H1 =r XI cf. f^l7> f-e) 

£51 ^ S-^HI 4r«a€ *H1 <^s1 -S-^ll-, #<S, ^ -B-^ ^ afl^ ^afl 

£5=£r ^-§-^1^ ^7) ol| ^ofo]: sj-c}. ojal^CLJiL, ^ ,2.5:^ 30 TCiLcf feT^, Hi^r 75 t 

-51*1 £4. ^ *K§i>-5L, ££^r ^nfl £-Sfl» o^l^ J§3L is. ^ S^o): S-<j] ^ 

^ Tj-f , -g-S-^ ^^2] 0>7|^- ^£5. fe^l ^0]-0|: ^U)-. QJHV^ 300 t D] 

115 t ^l 1 ?}-, SEfe 105 t: nlDjo)cf. 

^ sa^. ^]» 0.92 g/cm 3 dIdj.^ ^ §el6fl^^) ^^1^ ^^^0.5. 60 xfl*) 90 "C^l 

f^&Vuf. 0.92 ^fl^l 0.94 g/cm 3 ^ ^ ^x}^ 70 ifl^l 100 'C^l -grS^H 

°-} 0.94 g/cm 3 a.4 SeniU^ ^lfe 80 ^fl^] 115 "C^l -&£o)|^ ^Qv}. <#y] ^ ^£ 

& e^i«n °tl^l2i SLSL°i ^Bj-hS ^°J-i- ^1*11 <>> 

Hj-tf oj) HV-g-7)!- AV-g-sr}^ 7J o., ^ & o>6fl ^Bl-^ * 7)E^ HV-g- -g-O) 

^ 91^. w>^-7l^ ^i^^ o.s. °+ 1000 pis(7 MPa) <3-sHH ^3 

50 psi(2 MPa) ^^i^cf. #t§^ o.^_ ; *-g-7lfe 150 pis(l MPa)^.cf ^ <a-^oilA^| 

5U5-°1, 14 ^-^1^^ ^ 7 >7> 7]^^ ^ ^-s] <g -g-^-g. ^7>A]7l7l 

^^^fl7> *^fl-s|ia, #°tl^ «fl^l ^€ ^€^1 

°fl7]l ^)5]o1 ol-o) ^S)-^ ^3] Hl^-71^ -S. -ill-, l"^, # D fl ^^^1 ^ ^"B^ -§-71^ 

lr^#(^* 1-^, I" 5£^r §7)1, ^ 71 SL°1^} t«|8f7H A] ^ ^o] 

^Hl si«B ^-^ ^%°fl ^sfl Tj^g^ ^ 

-S- a,ufl mj-^^ j7^ £ #Elo)|^^i(HDPE) ^ 7-)<g £ #e)o)l^^(LLDPE)# ^^-*>^ 

cf*^ ^-^^ ¥el*^m* 7)l2;sl-^cll ^ 014. LLDPE ^l^r ^^^j^-S. ^ 0.94 g/cm 3 n|°V<i] ^ 

HDPEfe- ?1^^^-S 5f 0.94 g/cm 3 jit} 3. £-^r}. HDPEfe jml-f-iM ^ ^1 ±.^, 

$*gz\<L3. ef 1.5 #% ols>sl ^-fe ^•^fiS^-El 7fl2:£cK ui-g- =r§^ ^ 

71-^-ofl irfel-, jitf #efl^o] ^el^-efl^o]) ^«gsj<H <3"3* ^^^fe 5J# HJ-^^-cf. 4^1, ^ 

^ isimo] #5loi]^^]oj ^-iA] 7]S.S zl^ AV-g-e>^ LLDPE* ^§ ^ 5icf. 

*3-*H ^lsl'H ^-l-eim^: o)l*?im- ^ Si-g-Ajoi 7^*j:o| 5ao.B.s, <a^>^l^.s. ^-^-S^ 

^ #*#lCf ^ #^5L #^^|#o)| ^oj^cf. Zl-2|^ ±ol)^ ^nflofl S-ol^oJ 2# #£)1^# 

5=» £tt ^ t^-^Eimsl ^^1* <$^S}7l -°"f-# ^-§"71 ^ofl 3.^ 

W-*e)]^(o)l# IEtt 1-^-^1)^1 °o=# ^-^^S.^ ^^^Cf. ^7§ #nfl ^ Jl^ ^-efl^ CLsL 

?J^r f-Aj-ajO] ^^Aj-o^ ^ojcl-. 
7] o)) A] Oj^^-o], ^-efl^^ #^1 ^-a- S^S>7l ^5fl o]3l^ ^^11 ^^JJSLO]] i^Cl-. ^- 

^sl #d|) ^ ifj-^ofl al«(| xg^^ «e]oj]^^o. s-ejoii^^ ^=-#^^1, ^ #51^^^] a^-^, oinfl 

•W^-Jfl'S -§-°l^ iHJ^sil ^ ^^s)l» i^^-cf. ^ ^sl ^ «d-^^-S. Tfls^ ^elofl^ig cjs-^ 
^■^1^ ^^^1 HDPE°14. l-el^H^l ^ 3.a>-^^-^1^ ^<Um SL^ ^ell^sl <#<>ll 

nl-ef HDPE LLDPE ^ ^ Si4. l-el 0 )!!^ ^^^l^ °\}SL^ oH^^l/1--?-^! o)l^^/i-fiJ^l 
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t^s] ^nflfe uV^^^Tllfe ^ 1000 g #e]#ei)^/ g ^ofljicf ^ §a^ ;MEi, f-B]-§-el)^-§: c-j 7>^s>7| 
H a J:3 tS-^s}-^ ^fl» i*v^.cf. 



H"E] <£^Z}X] gfe ^, H*HH uf^ufl S.^ 7l$olcf. 

a]aH1 i: e]e1 a^qj ^ a 

600 t^H Hi JL-g-SHl 4 Al^Vf-Or i^A]^ cflolHl^ ^g-o] 955 He]7}(6.00 g)» #^3(Schlenk) #2^3. 
°)1 ^£4. 100 m£)# fefiHl ^Mjl, #e+i£L-I- J2.H^-(55 TCH] ^53^. ^i^K^W 

DBMX4.32 He]-i-)-§r 55 X^°l] A i He)?r *eie-H 71-^Jl, i Al7_K§-<?> jz*Y^- ^j^o^ ^ cf-g-, 1-Jf 

(4.10 H2]«-)-8: 55 t;^^ 7Vs>Jl £#l-g; 1 AlH^or SHV^cf. n}*) nj-jLiS., TiC l 4 (2.592 He]l-)«- 55 1C°1) 

-H °flH<>)l 7>si-ja i shi-^ ^^^ojtj-. Hi *:f-«H| =?H-*1^ <^l^r* aHt- j .g-H 

-^^Hl 2: :*fli 

HaH] n).^ -g-!h(2.00 g)-§- °]i«!A)-(<^ 50 m4)0)1 ^^^s^^^jl, *e1e)# 50 "CS 7>HsrSm. ^ 

<H(^ 1 m«) Eelol^Y* < a:^- D l*-(0.80 H^IO* Cp 2 ZrCl 2 (0.056 H^l-, 0.0164 g)2f «>-§-a)^ Zr H"*fl 
# ^S^^cf. ^ ^2] Zr ^eH) 7>g> A J«4. 

50 TC4M 1 A}7>^o}. ^^-^--g- ^, *#*H) ^^]^ oB^l Aj-g. »l7HSr^ ^-H* 

^SrS^. Ti ^ Zr^l ZJ-zJ- 1.63 ^ 0.23^1 H-Bf^cf. 

A3AH1 3; ? ^^loj jfla 

H A 1 °fl l°fl ttfe} ^-H-(2.00 g)* °]i«!Al(^ 50 m«°)l e^sJ-a]7|^ ( ^e^# 50 7}^}^. ^ 

?3:(^ 0.5 m«) ^ ^^^^^^^-(0.80 Hel#)# l-^<a Cp 2 ZrCl 2 (0.108 H^#, 0.0316 g)fif «t-g-Al 
^1 Zr ^Ss-rS^. Zr H"^]^ -g-°J]-g- ^s^ofl 7>5f5Ji4. 

^ 50 t)o)H ^ 1 ^lH-§-°J: ^, -t^-<a ^s] MAO(3.00 -§-)-& ^el&l^] 7>«>^cf. -SiJ-#* ^ 

50 r^l^i £f 1 aIH- o]aj jjialsv ^i, Hi ^#*H1 ^*tM^ ^ ^lTHsf^ 7>-B— B-^Aj ^-H* =r^-S>^cf. 
Ti ^ ZrS] #^=%^ z]-zt 1.53 ^ 0.42?] M-Ej-vd^. 

*^&1 €^-<H| ^^11 ^d^l, ^ TMA^el^l^^l^)^ MMAO^ ^^#-8: Af-§-^H 

S^7l7V H"^-^ 1.6< ^^]°Je|i i«g ^.£#eflo] h^) 50 t:°)lAi ^H Hi sH^Hl ^ft(750 
m«) ^ 1-«1€(30 m£)# ^1)* cf-g-, TMA 3l MMAO* 7 r e r S c r. Hfl7]^-» "g-Ji, JE?} ^j£» 1000 rpm^-S. 

^7>Al7)j7, ^SL# 95 C5. ^7H^cf. ^-¥- '?J-^# ti£ 12 psi(83 kPa)S. rf^- o)]^^^- £<as)-^ H 

^1 "a-^* 204 MIA] 211 psig(1.41 vfl^l 1.45 MPa)S. -fr ^lSrAlcf. ^-§--5-^., ^Ef 85 VS. H-iAl7lJl ( 20.0 tfl 

Al 30.0 DlgS] <>)-g-# ^^^11- ^71^1 £<a^jl, ^7>A] 7 ]J1 95 1Co)lA^ -B-Als}^ 

Cf. ^ «-§■■§: 1 ^RV^ ^^^1 Cf-g-, <H]^^) ^cls]-^cf. H>-g-7lS ^ ^SrSS. ^^Sl-JL ^E]^^^^- 

H-^l ^ 2 ?J 33] #p|l H^-^]» 0 )-g-^: *eie) ^ H4« a 1^1 H-H]-tflSi4. 
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IS. 1] 







TMA( H ^ -i: Al):MMAO( H ^ ^ Al) 


(a/K • hr) 


I21.6 
(k/10*) 


Xhmw 


4 


2 


TMA(0):MMAO(2.4) 


5110 


3.7 


0.93 


5 


^H] 2 


TMA(1.2):MMAO(2.4) 


6030 


8.2 


0.69 


6 


^*1«8 2 


TMA(2.4):MMAO(2.4) 


6890 


18.7 


0.59 


7 


^a)oJ 3 


TMA(0):MMAO(2.0) 


3530 


3.9 


0.88 


8 


-an 3 


TMA(2.0):MMAO(2.0) 


7010 


26.6 


0.59 



X hmw ^ GPC d)o)El^l q^i^#-a(deconvolution)^- 7]^o_S *$7}$± HMW f-^*fl -£-§;o|.c}.. 
o\] 4 vfl*) 82] ^ GPC 3S.°VSziEflH^ zfzf s. 1 5°1] i+Efifl^c)-. 

^B)Sl c-flol^fe sflTg. MMAO 5HK2.4 SEfe 2.0 HelSWH £^n| f> TMA^ <#-§: 0 ^} 1.24M 2.0 vfl 

*1 2.4 -aell-S *7}a1*1 ^ jitf ^ Zr £-§;* M-Efiflfe D ^^X hmw » ^ 

Sicf. X 13 5r D fl Aliejofl cflsfi 7j]AV^ Zr §J Ti Sl^r^r S. 2<fl M^KHS*}. ^(Zr SEfe Ti) g # ^&H1<S 

31 kga) cj^S. H-^flSicf. 



[a 2] 







TMA( U e] fAJ):MMAO( 9 e) #AJ) 


Zr 31* 
(kg PE/tf Zr) 


Ti 

(kg PE/g Ti) 


4 


^H] 2 


TMA(0):MMAO(2.4) 


155.5 


291.6 


5 


*l>Mofl 2 


TMA(1.2):MMAO(2.4) 


812.7 


255.3 


6 


^*H1 2 


TMA(2.4):MMAO(2.4) 


1228.2 


249.4 


7 


^Hl 3 


TMA(0):MMAO(2.0) 


100.9 


203.1 


8 


*MH1 3 


TMA(2.0):MMAO(2.0) 


684.6 


270.4 



Zr JL-I;^ ^#^fl ^^S-i- # TMA nfl-f Ti It^r TMA7f ^fl^*l ^l^l ^7-]l&°] 200 

*fl*l 300 kg PE/g^1 ^#^11-^- MMAO* ^ A}** ^4 200 kg PE/g Zr Zr JL^o] oj^l 

TMA 3? MMAO^ ^-9-, Zr J5--§-£- 500% °K V ^f^lcf. 
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15.3) 



*3 ^ 


<HIHa ^-°J(psi(kPa)) 


154(1060) 


<>l4i€U: ^-^(psi(kPa)) 


29.6(204) 


rtw^i^ #wi(7]*n#) 


0.0076 




0.0221 




85.0 


MMAO(ppm) 


90 


TMA(ppm) 


152 


3*11 ^-JH§(kg PE/kg #nfl) 


7688 


Zr 3t*(kg PE/g Zr) 


787 


Ti 3L*(kg PE/g Ti) 


286 




^}^r(l2i.6)(g/10^) 


13.9 


MFR(I 2 !.6/l2.16) 


110 


H51(g/cm 3 ) 


0.952 



, °1» ^ Eflofo.^ 4«*H=- 3°1 <>>H4. t^S-, ^^s) >S$H ^sfl a>s+ t'S 

i^V^ Ol-g-^ 5L^ ^*\, 7lEf 7 ))Al Lfl-g-O] £ SL^S)*] ^ 



(57) ^^2] ^ 
1. 

(a) *M Hl-p)l#^^l ^ ftm^ 3}-^-#-8r ^§Hr #nfl ;^Sfl» i«-SKr ^X], 5? 

-B-7i^o)^- ^§ ^ 7 fl^ ofl^<a.= Dj ^ A^-g. £ ^-5>^ 3b#"fl» ifsH #°n-& ^sHr -a-xi; 

(b) ^ D fl« ^ 2^sHH ^-efl^ 3^M-1^ ^el^efl^-ir *l|2:3Hr #7fl; 

(c) ^-irE^S] <>1^ ^-fr ^nl^# ^*Hr cl-Tfl; ^ 

3. 

XI 2 Sfl«>H, 

-§-§■ ^£7} *# *l^r I 2 i.6 u o v, H. 
4. 

XI 2 *H1 5U<H-H. 

#je* -g-g- ^saf it*}^ 
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^^*J- 5. 
2 UN XI °W. 

7|^O.S -FM^^.TT A^ « cfl 7fl^ ^.g.o] a|l- «)5)-A|7|^ £?fl7]-, (dl) -g-g- 

» ^5L7f ^.^ -g-g- *-§- ^ijicf aj ^ ^ o. o. 7)0 ^ D] - cfl 7 jj;g ^l^o^u]^ A^fi] «].§. ^7l-A| ? | fe 

#7.]; * (d2) -g-g- ^£7f S.^ -g-g- if- ^JiCf a. 7j ^ - cfl 7 (]2i Aj«o) 

^^f-^- 6. 

>n i sz°h, 

Sel-MISM H] 2 aj f^*l1 ^-g- ^ u.s*. *]£*H3= f^afl A^-g. a^ja, ^u}. oJaj.^ a^a^ 

3^9" 7. 

6 *<H1 

7|§i£ -B-7)^nl^- cfl 7H^ cil^o^^ul^AV a^o) u| s. ^3j-Al7]^ ^7j)7>, 5L&X}& 

^ g-g-O] -S-a| ^ Jg-g-£LCf s ^-^ -H-7)^n]^- AJ^. cfl 7fl^ ^)^<a-^J^-LV ^^21 «.» ^7)-Al ? |7-l 
JI*a>^ a^o] ^ .g^o] g"§-j£i} Aj^ ^ -B-7l<a-=n|%- ^ Jg. cfl 7 fl^ nD^^nl^-AV Aj 

8. 

*fl 1 iMI StM^i, 

^ ^ ^^A] ? |^ ^7il# ^ 2 S\ o)^ ^sHfr 

^^■^ 9. 

*fl 1 %H1 Sl^i, 

^^p-^j- io. 

*fl 9 *M 91°)^, 

Hel^J^Dl-ff H^lll^^lTr, JESH.'S'lH^.TJ-, H^xr^rfoj-^Lol^-, e e) ^ oj-^n] - _ jb^o]^ 

^T 2 -^ 11. 

*1 1 *<H1 5UoH, 

-H-7l^n)^- a^^o] <tt=-n|^- cfl 71)^ ^]* < a'^'?I^ ^^-^2] ^nl-^-o] s. H ] 7 |. Q.l vfl^l 50^ 

^1 1 ^1 5a<>H, 

Afl 12 *J-°fl Sl^Ai, 

^T 1 * 14. 
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*fl 1 %H] 5U<>H, 

&%M)7} 80 °]^s] <H]^?I* if-sRr 

15. 

14 *<H) 5a«H^. 

tf**l|7> *m ojAj-o! C 3 -C 10 ^^11- ^7}JL Z.^±r «3Hi. 

16. 

*l) 1 5U°H, 

«m ^S^# 4^ n lel7> -§--§- Ji-i-a|s ^ 7}s _ s.^jl, ^ ^-§- ^s\u]b\7} ^ -8-§- ^7}5L 

^"T^ 17. 

*fl 16 *M 91°]*), 

-g~§- I 216 /i 216 °] tfU. 

^n 1 ^- 18. 

^lt^'l^ ^ ^. ^-fr ^^sH #°H* ^*Rr #74); 

(b) «^a*3 *r°m S^HH W*fl^ 3**1^ §e^m-fr *1]2:SRr tfTfl; 

(c) -g-g- ^51* <a-^]; ^ 

(d) -g-g- #£7)- -g-g- *-§- ^JEJiCf ^ ^-f -B-7l IH 5 -*)^ tfl 7fl^ ofl^^^J^ J&lt2\ «1» ^ 
7Ml?l7m, 3Efe -g-g- *-§- ^5=7} -=■:*] -g-g- If 4?£j±c} 3. ^ o- -g-7l^n)^- ^-g- cfl 7fl^ nj^^-f-^l^ ^ 

u]« tfdfcAl^lfc ^7411- 5L^-SRr, -g-g- *-§- 

19. 

*)1 18 XW^i, 

-§-§- ^£7f *-§■ 1 216 -a 

20. 

A 18 SU'H'H, 

^^p-^j- 22. 

XI 21 S5l*H-H, 

e Bl o}. ? jo}. = n |- sj-^-i-oj HbHIIIH^I-h-, HeW^tt**!*. H^H-sL^-?-^-^, J= e^^^lTr, HeM^ 

^■^^ 23. 

XI 18 *<*H 5U«H>H. 
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24. 

3) 23 *<M SZ^-H, 

^■^a}- 25. 

31 18 1M1 SU<3^, 

*bii« tt**07> so ^% oi^-^ o]]i§ji|)]-§- £#sKr 

26. 

31 18 *J-<H] 5U<3*1, 

*efl# &%*\)7} *VM- °l^sl C 3 -C 10 ^-^M #^31* ^7>.sL a^fe- >&»1. 
^ ^p--^- 27. 

(a) 3°1 U!-^)^^ Jr^o. ^ Dfl^All 5L^&5Rr ^nfl ^*(# 3t^S>^ ^nfl ^ 
■e-^l^n]^- ^« ^ 7fl ^ pfl^^Dj^A}. A^-g. £#S|.i=. S#nfls. ^^-^ ^31* ^«Hr #31; 

(b) ^3]« 2*1 *MM **]# -EHM!*!- 3#*1^ #2l*efl^-§- 3lS*Rr #31; 

(c) -3l-g-3-^ ?#3| ^* ^ ^UM-* f^-31 # *l-# opaJ-fi) &-&-§- ^8sRr #3); ^ 

(d) Jl-S-^^ ^ §-§-°l ^3 ^ ^ -fMlH^li? ^g. cfl 7 fl^ ^l^jo^sn]^ H| 
» ^A]?]^l4, £^ jag.*}.^ A)_£s| ^St g-g-o) S-^ ^Sfc ^-^Cf ^ o. ^ o. ^-7l^O]^- ^ « cfl 7 |);|! pfl^ 

u]s^ Ji-g-3-^ f^3l ^ a]J3I^ ^*^%= ##31 ^§-8- X#5f Ji ^ ^^-^^ 

^ #Bl^3]#3l H 0 »g. 

^■T 1 * 28. 

3] 27 Siol^i, 

^ ^ #3]» *m 251 o]Aj- ^^Sf^ aj-^. 

^t 2- ^" 29. 

31 27 *^1 $a<>H, 

30. 

31 29 *J-31 ^<3At 

S^ta°if It sl-^-l-o) E E q tJ i|^o s v = D)^- ) Eeloii^^^Di^-, Eejn^^o^ni^ E&l- ! f'S 0 s v ^ Ln l^-, Hsl °l4i 
31 27 *M 91^ ^, 

°l^-^f ^i^3l7> El#, ^las^, sl-HTr, «Wf, Hi^-g- ^ ^ «W i^-sf^ h)-b]|1-Sa!1 ^-g-, 
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^-t 1 ^- 32. 

31 *<H) 5U°1*1. 

*H 27 %H) sw^, 

3^8- 34. 

27 *<M] StM-H, 

*efl=I «**l|7> efq- o)f2| c 3 -C 10 3LW^= 
^t 1 * 35. 

(a) (i) (A) E]^- 5? afM-i- ^ *m o]^ u)-n|l^:S.^ S^#, ^ (B) ^s^^-o] a^S>& 

# 3^1; ^ (ii) (A) S.eloH^^nl-fe-, E^a s ^<M-s n |- j HeiJ^oj-an]^ e^o^ 

-Jl^-^-fr It^fe 2:#"fl» *W<^ «^3|-£ #T.fll- ^s-S}^ cj-3); 

(b) #n|)» as^aHH, 80 i-fl*) 99 ^%=%^ ^ 1 ^^1 20 ^%s\ a>}^ o]^-^ c 3 -C 10 

s.ms= &^*m i-e^m^i* &#v, 

(c) -g-g- Ji-g- #7fl; ^ 

(d) -§-8" #5L7j- -2-2] -§--§- *-§- ^£MCf ^ -B-7l^D|-fe- tf\ 7B^ ofltt 0 ^^^-^ ^ 7}A] ? ]7 j 
M", £fe -8-§- #£7f 42-2] -§--§- Jr-g- -^SiLCf a- ^ -B-7)^o)^- cfl 71)^ nfl^.y-s^^o, H)# #4^71 
^ ^7j)-i- i -8-g- ^5L# ^#^)^ « 0 >^. 

^t 1 * 36. 

(a) (i) (A) em ^ aWf ^ *m ^ (B) = S^g-fr i^-s}-^ 
# D fl ^ (ii) (A) He)o|l^^D)^- ; ^^^^^0]^-, = 5}=^ ^tij^ S 5} ig<y-i=L n ]^. ; e^o]^ 

^^-t i^-ej-fe SL^m ^*l-<*j #^H» t^*Ht #3); 

(b) # D B» S^SHH, 80 ifl^l 99 ^^%^ <Hl«^l ^ 1 i-fl^l 20 #^%^ §Hf o)Aj.o^ c 3 -C 10 
°^3|-#5fl^-gr MsKr ^^flsq- ^^1^ ^e)^^^}^- cj-741; 

(c) Ji^^^ ^^-^1 ^^-^ 4f-^* cj-Ti]; ^ 

(d) JL&Z}^ ^#^1 S-^^Cf €■ ^-7l<SHf-ol^ cH 7 H^ ^l*^'?]^-^ Hl« ^7>A) 

?)7Hi4, 5£fe i^-^ ^^-^ ^--g-o] ^-^ ^icf 7§ o. °-7l^nl^- cfl 7 fl^ ^1 € I^Yl^o) 

«]» ^7|<|}- = n|^- cfl 7fl^ Hll- ^^-Al?]^ c}-7jll- i^-SHfr, 

ulS-^^ #^fl ^ 7.^7,1-^ =§^31 i^-sfjl Jl^-7>^ ^ ^-g-43£ #^^| s.^ ^^t 



51^ 
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9.00 



£^1 

: TMA (0 mmof): MMAO (Z4 mmoO 




2.00 3.00 4.00 5.00 6.00 7.00 
Log(£*H*) 



9.00 



0.00 



3S^°H : TMA (1 2 mmo)): MMAO (Z4 mmol) 




2.00 3.00 4.00 5.00 6.00 7.00 
Log(^*Hf) 



9.00 



^93 

5^ D H : TMA (2.4 mmol): MMAO (Z4 mmol) 




0.00 



2.00 3.00 4.00 5.00 6.00 7.00 
Log(£*HT) 



9.00 



0.00 



a^r D H : TMA (0 mmol): MMAO (ZO mmol) 




2.00 3.00 4.00 5.00 6.00 7.00 
Log(£*H*) 
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: TMA (2.0 mmoQ: MMAO (2.0 mmol) 
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